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(57) ABSTRACT

Given an input progressive sequence, a video encoder creates
a dual-layer stream that combines a backwards-compatible
interlaced video stream layer with an enhancement layer to
reconstruct full-resolution progressive video. Given two con-
secutive frames in the input progressive sequence, vertical
processing generates a top field-bottom field (TFBF) frame in
a base layer (BL) TFBF sequence, and horizontal processing
generates a side-by-side (SBS) frame in an enhancement
layer (EL) SBS video sequence. The BL. TFBF and the EL
SBS sequences are compressed together to create a coded,
backwards compatible output stream.
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1
DUAL-LAYER BACKWARDS-COMPATIBLE
PROGRESSIVE VIDEO DELIVERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to U.S. Pro-
visional Patent Application Ser. No. 61/583,075, filed on Jan.
4, 2012, which is hereby incorporated by reference in its
entirety.

TECHNOLOGY

The present invention relates generally to images. More
particularly, an embodiment of the present invention relates to
the delivery of a dual-layer stream that combines a back-
wards-compatible interlaced video stream layer with an
enhancement layer to reconstruct full-resolution progressive
video.

BACKGROUND

Video broadcasting standards for digital television, such as
the ATSC (Advanced Television Systems Committee) speci-
fication in the United States and the family of DVB (Digital
Video Broadcasting) international standards, allow broad-
casters to transmit digital content in a variety of resolutions
and formats, such as 480p (e.g., 720x480 at 60 frames per
second), 10801 (e.g., 1920x1080 at 60 fields per second), or
720p (1280x720 at 60 frames per second). Typically, a broad-
casting station will allocate one or more channels for a par-
ticular broadcast, where each channel utilizes a single trans-
mission format. For example, a sports station may broadcast
afootball game in 720p in one channel and in 480p in another
channel. Broadcasting stations may prefer to use progressive
transmission mode (e.g., 720p) for sports or movies, and
interlaced transmission (e.g., 1080i) for regular programming
(e.g., news and daytime TV series).

As more and more consumers invest into 1080p HDTVs,
there is an increased interest from broadcasters to offer pre-
mium programming, such as movies and special sports broad-
casts, using 1080p (e.g., 1920x1080 at 60 or 50 frames per
second) transmission formats. Since many older receivers
and TV sets may not be able to decode 1080p broadcasts, to
accommodate backwards compatibility with those sets,
broadcasters could transmit both a 720p or 10801 stream and
a 1080p stream on two separate channels; however, such
solutions require at least twice the bandwidth of a traditional
720p or 10801 high definition (HD) broadcast.

The approaches described in this section are approaches
that could be pursued, but not necessarily approaches that
have been previously conceived or pursued. Therefore, unless
otherwise indicated, it should not be assumed that any of the
approaches described in this section qualify as prior art
merely by virtue of their inclusion in this section. Similarly,
issues identified with respect to one or more approaches
should not assume to have been recognized in any prior art on
the basis of this section, unless otherwise indicated.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention is illustrated by
way of example, and not in way by limitation, in the figures of
the accompanying drawings and in which like reference
numerals refer to similar elements and in which:
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2

FIG. 1A and FIG. 1B depict example data flows for gen-
erating base layer and enhancement layer streams according
to an embodiment of the present invention;

FIG. 2 depicts an example dual-layer, backwards-compat-
ible encoder system for delivering progressive video accord-
ing to an embodiment of the present invention;

FIG. 3 depicts an example dual-layer, backwards-compat-
ible system for decoding progressive and interlaced video
according to an embodiment of the present invention;

FIG. 4, FIG. 5A, FIG. 5B, and FIG. 6 depict examples of
the demultiplexing function depicted in FIG. 3 according to
embodiments of the present invention;

FIG. 7 depicts example vertical and horizontal multiplex-
ing formats for base and enhancement layers according to an
embodiment of the present invention; and

FIG. 8A and FIG. 8B depict an example dual-layer, back-
wards-compatible encoder and decoder system for delivering
progressive video according to another embodiment of the
present invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Dual-layer, backwards compatible delivery of progressive
video is described herein. In the following description, for the
purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of the
present invention. It will be apparent, however, that the
present invention may be practiced without these specific
details. In other instances, well-known structures and devices
are not described in exhaustive detail, in order to avoid unnec-
essarily occluding, obscuring, or obfuscating the present
invention.

Overview

Example embodiments described herein relate to dual-
layer, backwards compatible, delivery of high frame rate pro-
gressive video. In an embodiment, given an input progressive
sequence, a video encoder creates a coded dual-layer stream
that combines a backwards-compatible interlaced video
stream layer with a full-resolution progressive video stream
layer. Given two consecutive frames in the input progressive
sequence, vertical processing generates a top field-bottom
field (TFBF) frame in a base layer (BL)) TFBF sequence, and
horizontal processing generates a side-by-side (SBS) frame
in an enhancement layer (EL) SBS video sequence. The BL.
TFBF and the EL SBS sequences are compressed together to
create a coded, backwards compatible output stream.

In an another embodiment, a decoder accesses a coded base
layer (BL) top field-bottom field (TFBF) stream and a coded
enhancement layer (EL) side-by-side (SBS) stream, where
the coded BLL TFBF stream was generated by an encoder
based on vertical processing of at least two consecutive
frames of a progressive video sequence, and the coded EL
SBS stream was generated by an encoder based on horizontal
processing of the at least two consecutive frames of the pro-
gressive video sequence. The coded BL TFBF stream may be
decoded to generate an interlaced output sequence. The coded
EL SBS stream may be decoded to generate a decoded SBS
sequence. The decoded BL TFBF and ELL SBS sequences may
be demultiplexed to generate a progressive output sequence.

In an embodiment, given an input progressive sequence, a
video encoder creates a dual-layer stream that combines a
backwards-compatible interlaced video stream layer with a
residual video stream layer. Given two consecutive frames in
the input progressive sequence, vertical processing generates
a top field-bottom field (TFBF) frame in a base layer (BL)
TFBF sequence. Horizontal processing is applied to residuals
between the input progressive sequence and up-sampled
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frames based on the BL TFBF sequence to generate an
enhancement layer (EL) SBS residual sequence. The BL
TFBF video sequence and the EL SBS residual sequence are
compressed together to create a coded, backwards compatible
output stream.

Example Residual-Free Dual-Layer Video Delivery Sys-
tem

In digital HDTV (High Definition Television) broadcast-
ing, 720p and 10801 are two of the most popular transmission
formats. Progressive transmission (e.g., 720p) is typically
preferred for fast-action sequences, such as sports, since it
offers higher vertical resolution than equivalent interlaced
content (e.g., 10801). On the other hand, interlaced transmis-
sion (e.g., 10801) offers higher horizontal resolution and may
require less transmission bandwidth than progressive video
content transmitted at the same video quality.

In recent years, due to dramatic price decreases, more and
more consumers have adopted 1080p HDTV sets. As 1080p
HDTVs proliferate, there is an increased interest from broad-
casters to offer premium programming, such as movies and
sports broadcasts, using 1080p transmission formats. Since
older TV sets and set-top boxes may not support 1080p
decoding, one way to accommodate backwards compatibility
is to transmit simultaneously, on separate channels, both a
1080p stream and a legacy stream; however, such a solution
requires at least twice the bandwidth of a traditional high
definition (HD) broadcast.

In an alternative implementation, one could apply hierar-
chical or layered coding methods. In such methods, a base
layer (BL) carries a first stream in a first format (e.g., 720p or
10801) and an enhancement layer (EL) carries a residual
signal representing the difference between a second stream in
a second format (e.g., 1080p) and a predicted version of the
second stream using the base layer. Legacy decoders can
decode only the base layer and ignore the enhancement layer;
however, newer decoders can use both the base layer and the
enhancement layer to reconstruct the second (e.g., 1080p)
stream.

The conversion of a high-resolution, high-frame rate, video
(e.g., 1920x1080 at 60 frames per second), to a corresponding
interlaced video (e.g., 1920x1080 at 60 fields per second)
comprises applying to the progressive input video a single,
low-pass, vertical filtering process to reduce anti-aliasing
artifacts due to the down-sampling process. Because such
filtering is applied only to the base layer, the decoder can
never fully restore the lost high frequencies from the original
progressive signal, and the reconstructed progressive output
may lose sharpness and fine detail. Embodiments of the
present invention overcome these limitations by utilizing a
combination of vertical and horizontal pre-processing in the
base and the enhancement layers, respectively. By preserving
high-frequency content in both the horizontal and vertical
directions, compared to the prior art, embodiments provide
better picture quality in the reconstructed progressive picture.

FIG. 2 depicts an example embodiment of a dual-layer
encoding system for delivering high frame-rate progressive
and interlaced video using multiview coding (MVC). As used
herein, the term “multiview coding” denotes a video com-
pression method that enables efficient encoding (compres-
sion) of two or more video sequences representing multiple,
but similar, views of the same scene. An example of MVC
coding is defined in Annex H of the ITU-T H.264 specifica-
tion for coding of moving video. In MVC, the encoder creates
a base-view, which can be decoded independently of all other
views, and one or more non-base views that are based on both
inter-frame and inter-view dependencies. A typical applica-
tion of MVC coding can be found in coding 3-D pictures
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where one view (e.g., the left camera view) is coded indepen-
dently and the second view (e.g., the right camera) is coded
based on information on both views.

As depicted in FIG. 2, the interlaced top field-bottom field
(TFBF) input sequence (130) may comprise the base view
and the side-by-side (SBS) sequence (150) may comprise a
second, non-base view. The two views may be compressed
into a single backwards compatible coded stream 245 that
comprises a coded base layer interlaced stream 235, a coded
enhancement layer progressive stream 215, and metadata,
denoted as an RPU (reference processing unit) stream 225.

As used herein, the term “metadata” denotes any ancillary
information that is embedded or transmitted in parallel with a
coded bitstream and assists a decoder to render a decoded
image. Such metadata may include, but are not limited to,
such data as: color space or gamut information, dynamic
range information, tone mapping information, or information
related to processing reference frames.

FIG. 1 depicts in more detail an embodiment for construct-
ing the BL. TFBF 130 and EL SBS 150 input sequences (or
views) to be used by encoder 200. Given a sequence of pro-
gressive (e.g. 1080p) input frames v,, 110, F1G. 1A depicts an
example processing flow for creating a sequence of corre-
sponding top field-bottom field (TFBF) interlaced frames v,,
130. As depicted in FIG. 1A, each frame of the input sequence
v,, may first be processed by a vertical processing unit 115 that
comprises a low pass filter 115F and a down-sampler 115S.

As used herein, the term “vertical processing” denotes
image processing operations, such as filtering and down-
sampling, that is applied vertically (e.g., from top to bottom or
bottom to top) to the pixels of an input frame. Similarly, as
used herein, the term “horizontal processing” denotes image
processing operations, such as filtering and down-sampling,
that is applied horizontally (e.g., from left to right or right to
left) to the pixels of an input image. As it is well known in the
art of image processing, such horizontal or vertical process-
ing may be performed by a variety of means, including 1-D or
2-D filtering kernels and sub-sampling processing.

Following low pass filtering 115F, each frame is sub-
sampled vertically to create one of the fields in the interlaced
output sequence v,, 130. For example, as shown in FIG. 1A,
given two consecutive 1080p frames v,,(n) 110-1and v,,(n+1)
110-2 (e.g., 1920x1080 each), v,(n) 110-1 may be used to
construct the top field (T_F)120-1 of v;(n) 130-1 and v, (n+1)
110-2 may be used to create the bottom field (B_F) 120-2 of
v,,(n) 130-1. For example, for baseline 1080i transmission,
each of these fields (120) has half the vertical resolution of the
input frames (e.g., 1920x540).

Given an input sequence of progressive video frames v,
110, FIG. 1B depicts an embodiment for creating a sequence
of corresponding side-by-side (SBS) frames v, 150. As
depicted in FIG. 1B, each frame of input v, may be processed
by a horizontal processing unit 135 that comprises a low pass
filter 135F followed by a horizontal sub-sampling unit 135S
to yield left-half (L_H) or right-half (R_H) frames, each at
lower (e.g., half) the horizontal resolution of the input frames.
For example, as shown in FIG. 1B, given two consecutive
frames v,(n) 110-1 and v,(n+1) 110-2 (e.g., 1920x1080
each), v,(n) 110-1 may be used to construct the left half
(140-1) of v, (n) 150-1, and v,(n+1) 110-2 may be used to
construct the right half (140-2) of v,,(n) 150-1. For example,
for a 10801 baseline format, each of these sub-frames (140)
may have half the horizontal resolution of the input frames
(e.g., 960x1080), but when combined together by a multi-
plexer 145, they form a sequence of full-resolution SBS pro-
gressive (e.g., 1920x1080) frames (150).
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FIG. 7 depicts a variety of alternative embodiments on how
input progressive frames (e.g. 110) may be down-sampled
and multiplexed to create either a TFBF frame (720 or 130) or
an SBS frame (710 or 150). The chosen multiplexing format
depends on a variety of factors and may be signaled to a
decoder as metadata using the RPU stream 225.

Returning to FIG. 2, given two input video sequences: a
base layer (BL) top field-bottom field (TFBF) interlaced
sequencev,,130 and an enhancement layer (EL) side-by-side
(SBS) progressive sequence v,,,, an encoder system comptis-
ing a BL encoder, an EL. encoder, and a reference processing
unit (RPU) may generate a backwards-compatible bit stream
245 by multiplexing two compressed (or encoded) bit streams
(the BL stream 235 and the EL stream 215) and the RPU
stream 225.

The BL encoder may comprise any video compression
encoder, such as those based on the MPEG (Motion Pictures
Experts Group) (e.g., MPEG-2, MPEG-4, or H.264) or
JPEG2000 specifications, or any other video encoders known
in the art. Such an encoder may encode (compress) the v,,
sequence 130 on its own, without any reference to the v,
sequence. The EL encoder may also comprise any video
compression encoder, such as those based on the MPEG (e.g.,
MPEG-2, MPEG-4, or H.264) or JPEG2000 specifications,
or any other video encoders known in the art. In some
embodiments, the EL encoder may be the same type as the BLL
encoder (e.g., both may be based on the H.264 specification).
In other embodiments, the EL. and BL encoders may be based
on different specifications. For example, the BL. encoder may
be based on MPEG-2 specification, but the EL encoder may
be based on the H.264 specification or a proprietary video
encoder. The EL encoder could encode (compress) the v,
sequence 150 on its own, without any reference to the v,,
sequence 130; however, in a more efficient embodiment, each
frame in the v, sequence 150 may be encoded by taking into
consideration reference frames from both the v,,, 150 and the
v,, 130 sequences.

Reference processing unit (RPU) 220 interfaces with both
the BL encoder 230 and EL encoder 210. As described in PCT
application 13/376,707 “Encoding and decoding architecture
for format compatible 3D video delivery,” by A. Tourapis et
al., incorporated herein by reference, the RPU 220 may serve
as a pre-processing stage that processes information from BL
encoder 230, before utilizing this information as a potential
predictor for the enhancement layer in EL. encoder 210. Infor-
mation related to the RPU processing may be communicated
(e.g., as metadata) to a decoder (e.g., 300) using the RPU
stream 225. Some embodiments may not use an RPU unit.
Some embodiments may encode the v, 150 and the v,, 130
sequences using a multi-view encoder (MVC) as specified by
the H.264 coding specification.

FIG. 3 depicts an embodiment for a dual-layer, backwards-
compatible decoder according to an example implementa-
tion. After demultiplexing the transmitted dual-layer bit
stream (e.g., 245) (not shown), a decoder may extract three bit
streams: compressed BL. and EL streams (350 and 310) and
an RPU stream 330. The RPU stream 330 comprises auxiliary
information that may assist RPU processor 340 to preprocess
decompressed BL data (365) before the EL. decoder 320
utilizes such information as reference data in decoding the EL.
stream 310.

Using the coded BL stream 350, BL, decoder 320 may
decompress (decode) and generate a backwards compatible
interlaced v, sequence 380. Using the coded EL stream 310
and information from the RPU unit 340 (e.g., reference
frames from the BL stream 350), ELL decoder 320 may also
generate progressive SBS sequence v,,; 325. Demultiplexer
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370 may combine the TFBF sequence 365 and the SBS
sequence 325 to generate progressive sequence v, 375.
Legacy decoders may only be able to decode the backwards-
compatible v, sequence 380. Advanced decoders may be able
to decode either one or both of these sequences.

FIG.4,FIG. 5, and FIG. 6 depict embodiments of decoding
demultiplexer 370 according to example implementations. In
each of these embodiments, the demultiplexor may access
two input images: an input BL field 420, the top field or the
bottom field of decoded frame v,,(n) (e.g., 365), and an input
half-resolution frame 410, the left half-resolution frame or the
right half-resolution frame of an EL SBS input frame v, (n)
(e.g., 325). These two inputs (410 and 420) are processed and
combined to generate one full-resolution progressive frame
v,(n) 445. These operations may be repeated for the other
field of v,(n) and the remaining half-resolution frame of
v,(n) to generate the next consecutive full-resolution pro-
gressive frame v,,(n+1).

As depicted in FIG. 4, BL field 420 is first up-sampled in
the vertical direction by up-sampler 425 to create a full frame
427. Horizontal low pass filter 430C and high-pass filter
430D may be applied to frame 427 to yield corresponding
filtered frames 436 and 438.

Similarly, ELL half-resolution frame 410 is up-sampled
horizontally by up-sampler 415 to create full-resolution
frame 417. Vertical low pass filter 430B and high-pass filter
430A may be applied to frame 417 to yield corresponding
filtered frames 434 and 432. All the filtered frames are com-
bined together by averaging unit 450 and adder 440 to yield a
full-resolution progressive frame 445.

Due to the low-pass filtering (e.g., 115F and 135F) being
applied to the v, input 110 in the encoder, the demultiplexing
process may be simplified according to the embodiments
depicted in FIG. 5A and FIG. 5B. These embodiments reduce
decoding complexity by eliminating the low-pass filtering
(e.g., 430B and 430C) and averaging operations 450 depicted
in FIG. 4.

In an alternative embodiment, the high-pass filtering
operation (540) depicted in FIG. 5B may also be replaced by
a subtraction operation 610, which typically requires less
computations. In FIG. 6, a reference frame 635, computed
and buffered by RPU 630 (e.g., 340) during the inter-layer
prediction process, may be re-used by the demultiplexer 370
to generate the high-pass filtered frame 615.

Example Residual-Based Dual-Layer Video Delivery System

At the expense of some additional processing in the
encoder, the operation of decoding demultiplexer 370 may be
further simplified in an alternative embodiment that combines
methods of vertical and horizontal processing described ear-
lier with inter-layer coding and residual coding.

FIG. 8A depicts an embodiment for dual-layer, hierarchi-
cal, backwards-compatible transmission of both interlaced
and progressive content according to an example implemen-
tation. Given a sequence of input progressive frames v, 810,
similarly to the vertical processing depicted in FIG. 1A, a
combination of low-pass filtering and down-sampling (820)
yields TFBF interlaced frames v, 822. The TFBF frame
sequence v,, 822 may be encoded (compressed) using base-
layer encoder 850 to derive a compressed BL stream 852. As
discussed earlier, BL. encoder may comprise any of the known
in the art video compression methods, such as MPEG-2,
MPEG-4, and the like.

Using the output of RPU 855, or other equivalent process-
ing and storage means, and vertical up-sampler 870, encoding
system 800-E may generate two consecutive up-sampled pro-
gressive frames 873 and 875. For example, up-sampled v,(n)
873 may be generated by up-sampling the top field of v,,(n)
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822 and up-sampled v, (n+1) 875 may be generated by up-
sampling the bottom field of v, (n) 822. These frames may be
subtracted from the original progressive input frames 810-1
and 810-2 to generate two residual frames 833 and 835.

Similarly to the horizontal processing depicted in FIG. 1B,
processing unit 830 utilizes the two residual frames 833 and
835 to construct a side-by-side (SBS) residual frame 832.
Residual frame 832 may be encoded (compressed) using EL
encoder 860 to generate a compressed EL. stream 862. EL
encoder may encode the residual 832 on its own (without any
reference to the BL sequence), or it may apply inter-layer
encoding, using any of the known in the art video compres-
sion methods, such as MPEG-2, MPEG-4, H.264 MVC, and
the like.

The BL stream 852 and the residual EL stream 862 may be
combined (multiplexed) with ancillary information from the
RPU stream 857 to be transmitted to a receiver (not shown).

The output of encoder 800-E may be decoded using
decoder system 300 depicted in FIG. 3; however, under this
embodiment, the output of EL. decoder 320 comprises now
the SBS residual sequence r 832.

FIG. 8B depicts an embodiment of demultiplexor 370 for
generating progressive output v,(n) 895 using a half-resolu-
tion frame 880, the left half or the right half of a decoded
enhancement layer SBS frame (e.g., 832) and one field 885,
the top field or the bottom field, of the corresponding back-
wards-compatible interlaced frame v,(n) (e.g. 822 or 380).
Unlike the previous embodiments, where the demultiplexor
comprises a combination of filters and up-sampling units, this
demultiplexor requires no filtering operations, which lends to
simpler and more cost-effective decoder implementations.

Using demultiplexor 800-D, r(n) (left half of the decoded
SBS EL sequence) may be combined with the top field of
v,(n) to generate progressive frame v,(n), and r(n+1) (right
half of the decoded SBS EL sequence) may be combined with
the bottom field of v,(n) to generate progressive frame v, (n+
1).

Example Computer System Implemenatation

Embodiments of the present invention may be imple-
mented with a computer system, systems configured in elec-
tronic circuitry and components, an integrated circuit (IC)
device such as a microcontroller, a field programmable gate
array (FPGA), or another configurable or programmable
logic device (PLD), a discrete time or digital signal processor
(DSP), an application specific IC (ASIC), and/or apparatus
that includes one or more of such systems, devices or com-
ponents. The computer and/or IC may perform, control, or
execute instructions relating to the encoding and decoding of
dual-layer, backwards-compatible, progressive video, such
as those described herein. The computer and/or IC may com-
pute any of a variety of parameters or values that relate to
methods for encoding and decoding of dual-layer, back-
wards-compatible progressive video as described herein. The
image and video embodiments may be implemented in hard-
ware, software, firmware and various combinations thereof.

Certain implementations of the invention comprise com-
puter processors which execute software instructions which
cause the processors to perform a method of the invention.
For example, one or more processors in a display, an encoder,
a set top box, a transcoder or the like may implement encod-
ing and decoding of dual-layer, backwards-compatible, pro-
gressive video as described above by executing software
instructions in a program memory accessible to the proces-
sors. The invention may also be provided in the form of a
program product. The program product may comprise any
medium which carries a set of computer-readable signals
comprising instructions which, when executed by a data pro-
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cessor, cause the data processor to execute a method of the
invention. Program products according to the invention may
be in any of a wide variety of forms. The program product
may comprise, for example, physical media such as magnetic
data storage media including floppy diskettes, hard disk
drives, optical data storage media including CD ROMs,
DVDs, electronic data storage media including ROMs, flash
RAM, or the like. The computer-readable signals on the pro-
gram product may optionally be compressed or encrypted.

Where a component (e.g. a software module, processor,
assembly, device, circuit, etc.) is referred to above, unless
otherwise indicated, reference to that component (including a
reference to a “means”) should be interpreted as including as
equivalents of that component any component which per-
forms the function of the described component (e.g., that is
functionally equivalent), including components which are not
structurally equivalent to the disclosed structure which per-
forms the function in the illustrated example embodiments of
the invention.

Equivalents, Extensions, Alternatives and Miscellaneous

Example embodiments that relate to dual-layer encoding
and decoding of progressive video are thus described. In the
foregoing specification, embodiments of the present inven-
tion have been described with reference to numerous specific
details that may vary from implementation to implementa-
tion. Thus, the sole and exclusive indicator of what is the
invention, and is intended by the applicants to be the inven-
tion, is the set of claims that issue from this application, in the
specific form in which such claims issue, including any sub-
sequent correction. Any definitions expressly set forth herein
for terms contained in such claims shall govern the meaning
of such terms as used in the claims. Hence, no limitation,
element, property, feature, advantage or attribute that is not
expressly recited in a claim should limit the scope of such
claim in any way. The specification and drawings are, accord-
ingly, to be regarded in an illustrative rather than a restrictive
sense.

The invention claimed is:

1. A method in an encoder comprising:

accessing an input progressive video sequence;

performing vertical processing on at least two consecutive
frames of the input progressive video sequence to con-
struct a baseline layer (BL) interlaced top field-bottom
field (TFBF) frame in a BL. TFBF video sequence;

performing horizontal processing on the at least two con-
secutive frames of the input progressive video sequence
to construct an enhancement layer (EL) side-by-side
(SBS) frame in an EL SBS video sequence;

wherein the ELL SBS frame has a higher vertical spatial
resolution than the BL TFBF frame; and

compressing the BLL TFBF sequence and the EL. SBS
sequence to create a coded, backwards compatible out-
put stream.

2. The method of claim 1, wherein performing vertical

processing on two input consecutive frames comprises:

low-pass filtering each of the two input frames in the ver-
tical direction to construct first and second filtered
frames;

down-sampling the first filtered frame in the vertical direc-
tion to create a top-field frame;

down-sampling the second filtered frame in the vertical
direction to create a bottom-field frame; and

multiplexing the top-field frame and the bottom-filed
frame to construct a top field-bottom field frame.

3. The method of claim 1, wherein performing horizontal

processing on two input consecutive frames comprises:
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low-pass filtering each of the two input frames in the hori-
zontal direction to construct first and second filtered
frames;

down-sampling the first filtered frame in the horizontal

direction to create a left-half frame;

down-sampling the second filtered frame in the horizontal

direction to create a right-half frame; and

multiplexing the left-half frame and the right-half frame to

construct a side-by-side frame.

4. The method of claim 1, wherein compressing the BL.
TFBF sequence and the EL. SBS sequence comprises com-
pressing the BL. TFBF and EL SBS sequences using a multi-
view coder (MVC), wherein the BL TFBF sequence is coded
as a base view BL stream and the EL. SBS sequence is coded
as a non-base view EL stream.

5. The method of claim 4, further comprising computing
references frames for compressing the EL. SBS sequence
using a reference processing unit (RPU).

6. The method of claim 1, wherein the input progressive
video sequence comprises a 1920x1080 at 50 frames per
second sequence.

7. A method in a decoder comprising:

accessing a coded base layer (BL) top field-bottom field

(TFBF) stream and a coded enhancement layer (EL)
side-by-side (SBS) stream, wherein the coded BL TFBF
stream was generated by an encoder based on vertical
processing of at least two consecutive frames of a pro-
gressive video sequence and the coded ELL SBS stream
was generated by an encoder based on horizontal pro-
cessing of the at least two consecutive frames of the
progressive video sequence;

decoding the coded BL TFBF stream to generate an inter-

laced output sequence;

decoding the coded EL. SBS stream to generate a decoded

SBS sequence;
wherein the EL SBS stream has a higher vertical spatial
resolution than the interlaced output sequence; and
demultiplexing the decoded SBS sequence and the inter-
laced output sequence to generate a progressive output
sequence.

8. The method of claim 7, wherein the demultiplexing step
comprises:

accessing a decoded BL TFBF frame and a corresponding

decoded EL SBS frame;

performing horizontal up-conversion to one half of the

decoded ELL SBS frame to generate an up-scaled EL.
frame;

performing vertical up-conversion to one field of the

decoded BL. TFBF frame to generate an up-scaled BL.
frame;

applying vertical filtering to the up-scaled EL frame to

generate first and second filtered EL frames;
applying horizontal filtering to the up-scaled BL frame to
generate first and second filtered BL. frames; and

combining the first and second filtered EL frames and the
first and second filtered BL frames to generate an output
progressive frame.

9. The method of claim 8, wherein applying vertical filter-
ing to the up-scaled EL frame comprises:

performing vertical high-pass filtering to the up-scaled ELL

frame to generate the first filtered EL frame; and
performing vertical low-pass filtering to the up-scaled ELL
frame to generate the second filtered EL frame.

10. The method of claim 8, wherein applying horizontal
filtering to the up-scaled BL frame comprises:

performing horizontal high-pass filtering to the up-scaled

BL frame to generate the first filtered BL. frame; and
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performing horizontal low-pass filtering to the up-scaled
BL frame to generate the second filtered BL. frame.

11. The method of claim 7, wherein the demultiplexing
step comprises:

accessing a decoded BL. TFBF frame and a corresponding

decoded EL SBS frame;

performing horizontal up-conversion to one half of the

decoded ELL SBS frame to generate an up-scaled EL.
frame;

applying horizontal high-pass filtering to a field of the

decoded BL. TFBF frame to generate a filtered BL field;
performing vertical up-conversion to the filtered BL. field
to generate an up-scaled BL. frame; and

combining the up-scaled EL. frame and the up-scaled BL

frame to generate an output progressive frame.

12. The method of claim 7, wherein the demultiplexing
step comprises:

accessing a decoded BL. TFBF frame and a corresponding

decoded EL SBS frame;

performing vertical up-conversion to a field of the decoded

BL TFBF frame to generate an up-scaled BL frame;
applying vertical high-pass filtering to one half of the
decoded EL. SBS frame to generate a filtered EL frame;
performing horizontal up-conversion to the filtered EL
frame to generate an up-scaled EL frame; and
combining the up-scaled EL. frame and the up-scaled BL
frame to generate an output progressive frame.

13. The method of claim 7, further comprising computing
references frames for decoding the coded EL. SBS stream
using a reference processing unit (RPU).

14. The method of claim 7, further comprising:
computing references frames for decoding the coded EL
SBS stream using a reference processing unit (RPU);
accessing a decoded BL. TFBF frame and a corresponding

decoded EL SBS frame;

performing vertical up-conversion to a field of the decoded

BL TFBF frame to generate an up-sampled BL frame;
generating an RPU half-frame based on the field of the
decoded BL TFBF frame;

subtracting the RPU half-frame from a half of the decoded

EL SBS frame to generate a filtered EL frame;
performing horizontal up-sampling to the filtered EL frame
to create an up-sampled EL frame; and

combining the up-sampled EL, frame and the up-sampled

BL frame to generate an output progressive frame.

15. The method of claim 14, wherein generating the RPU
half-frame comprises:

performing horizontal low-pass filtering followed by hori-

zontal sub-sampling on the field of the decoded BL
TFBF frame to generate a horizontally down-sampled
field; and

performing vertical up-sampling to the horizontally down-

sampled field to generate the RPU half-frame.
16. A method in an encoder comprising:
accessing an input progressive video sequence;
performing vertical processing on at least two consecutive
frames of the input progressive video sequence to con-
struct a baseline layer (BL) interlaced top field-bottom
field (TFBF) video frame in a BL TFBF sequence;

computing a first up-sampled frame based on the top field
of the BL TFBF frame;

computing a second up-sampled frame based on the bot-

tom field of the BL TFBF frame;

subtracting the first up-sampled frame from the first of the

at least two consecutive frames of the input progressive
video sequence to generate a first residual frame;



US 9,049,445 B2

11

subtracting the second up-sampled frame from the second
of the at least two consecutive frames of the input pro-
gressive video sequence to generate a second residual
frame;

performing horizontal processing on the first and second
residual frames to construct an enhancement layer (EL)
side-by-side (SBS) residual frame in an EL. SBS residual
video sequence;

wherein the EL. SBS residual frame has a higher vertical
spatial resolution than the BL. TFBF frame; and

compressing the BLL TFBF and the EL. SBS residual 10

sequences to create a coded, backwards compatible out-
put stream.

17. A method in a decoder comprising:

accessing a coded base layer (BL) top field-bottom field
(TFBF) video stream and a coded enhancement layer
(EL) side-by-side (SBS) residual stream, wherein the
coded BL. TFBF video stream was generated by an
encoder based on vertical processing of at least two
consecutive frames of a progressive video sequence, and
the coded ELL SBS residual stream was generated by an
encoder based on horizontal processing of two consecu-
tive residual frames, wherein the two residual frames are
based on the at least two consecutive frames of the
progressive video sequence;

decoding the coded BL TFBF stream to generate an inter-
laced output sequence;
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decoding the coded ELL SBS residual stream to generate a
decoded SBS residual sequence;
wherein the EL. SBS residual sequence has a higher vertical
spatial resolution than the interlaced output sequence;
and
demultiplexing the decoded SBS residual stream and the
interlaced output sequence to generate a progressive
output sequence.
18. The method of claim 17, wherein the demultiplexing
step comprises:
accessing a decoded BL. TFBF frame and a corresponding
decoded EL SBS residual frame;
performing vertical up-conversion to a field of the decoded
BL TFBF frame to generate an up-scaled BL frame;
performing horizontal up-conversion to a half of the EL.
SBS residual frame to generate an up-scaled EL frame;
and
combining the up-scaled EL. frame and the up-scaled BL
frame to generate an output progressive frame.
19. An apparatus comprising a processor and configured to
perform the method recited in claim 1.
20. A non-transitory computer-readable storage medium
having stored thereon computer-executable instruction for
executing a method in accordance with claim 1.
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